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Description 

FIELD OF USE 

[0001] This invention is in the field of balloon expand- 
able stents that are used to maintain patency of a vessel 
of the human body. 

BACKGROUND OF THE INVENTION 

[0002] It has been shown that intravascular stents are 
an excellent means to maintain the patency of blood 
vessels following balloon angioplasty. US patent No. 
6190403 , filed November 13, 1998, Fischell et a/, in- 
corporated herein by reference, describes a flexible low 
profile stent design with N, inverted N, M or W shaped 
undulating longitudinal members connecting the cir- 
cumferential strut members. During stent delivery, these 
undulating longitudinal members now itsudrpbfateti inio 
the CORDIS BX Velocity ® stent, can lengthen and 
shorten as the stent is pushed around a bend providing 
a means for the stent to bend easily. 
[0003] Most balloon expandable stents are mounted 
on the balloon by first sliding the cut stent over the bal- 
loon and aligning the ends of the stent, with the radio- 
opaque marker bands manually. The stent is then 
crimped down with pressure. This by itself will push the 
balloon material up into the interstices of the stent. To 
provide even more secure mounting, a second process 
to nest the stent is now in use where the crimped stent 
is placed inside a tube and the balloon is pressurized, 
to mold the balloon material further up into the interstic- 
es of the stent. 

[0004] The prior art crimping process has the follow- 
ing properties: 

1 . Cut stents have some variation in their length as 
to the marker band placements on the balloon shaft. 
Furthermore, the edges of the balloon have some 
variation in location with respect to the marker 
bands. As a result it is difficult to accurately match 
the end of the stent to the transition edge of the bal- 
loon. (The distance between the end of the stent 
and the balloon transition is called the balloon over- 
hang.) It is nearly impossible with current tech- 
niques to get the balloon overhang to less than 1 
mm on each side of the stent. It is highly desirable 
to reduce balloon overhang to as much as possible 
to avoid edge dissections and injury beyond the end 
of the stent. 

2. When the nest process is performed on the pre- 
viously crimped stent, the stent on the balloon is slid 
into a nesting tube that typically has an inside diam- 
eter as much as 0.002" (0.05 mm) larger than the 
outside diameter of the crimped stent. Thus, when 
the stent is nested within the nesting tube, there can 
be as much as a 0.002" increase in system diameter 
(stent profile) from the pre-nesting device. 



SUMMARY OF THE INVENTION 

[0005] This invention is an improvement of the proc- 
ess for mounting stents on a balloon stent delivery cath- 

5 eter. The first improvement involves a process for elim- 
inating balloon overhang beyond the ends of the stent. 
This process is particularly useful with undulating longi- 
tudinal stents such as those described in U.S. patent 
5,879,370, assigned to a common assignee and incor- 

10 porated herein by reference. Undulating longitudinal 
stents use flexible links to connect the circumferential 
struts. The flexible links are adapted to lengthen and 
shorten as the stent is advanced around a curve allow- 
ing the stent to easily bend. The ability of the flex links 

15 to lengthen and shorten is also of significance to the 
present invention process for reducing balloon over- 
hang. 

[0006] The first step of the process of the present in- 
vention occurs ouring manuTactunng of the stent deiiv- 

20 ery balloon. The edge of the cylindrical portion of the 
balloon is marked to allow exact adjustment of the stent 
location and length to eliminate balloon overhang. This 
marking can be a thin marker line molded into the bal- 
loon at the edge, a line drawn around the balloon at the 

25 edge, a process for modifying the surface finish of the 
entire balloon outside of the edges or any other tech- 
nique that would allow the technician mounting the stent 
to visualize the balloon edges. A well-performed balloon 
folding process will maintain the position of the edge 

30 mark. Alternately, one could mark the central cylinder of 
the balloon by a line extending the length of the cylinder, 
a difference in surface texture or any other set of marks. 
[0007] Once the marked balloon has been attached 
to the catheter shaft and then folded, the second mount- 

35 ing step of the process of the present invention can be- 
gin. The present invention apparatus for stent mounting 
has the capability to grab the end struts of the stent. 
Once the stent has been gabbed, the apparatus allows 
the stent to be precisely moved longitudinally with re- 

40 spect to the balloon. The apparatus then can be used 
to stretch the stent by holding one end fixed and pulling 
in the opposite direction on the other grabbed stent end. 
The stent can now be crimped in place with the stent 
ends exactly matched to the balloon edges thus elimi- 
45 nating balloon overhang. Typically, the stent would start 
at a length 0.5 to 2.0 mm shorter than the balloon and 
be stretched to exactly match the length of the balloon 
cylindrical section. 

[0008] The final step in the present invention process 
so is to nest the stent onto the balloon. Unlike the prior art 
process where the stent is simply placed in a tube and 
the balloon is lightly expanded, the present invention us- 
es pressure applied outside the nesting tube to prevent 
the stent from expanding outward during the nesting 
55 process. This process is called compression nesting. 
Ideally, the same apparatus used for crimping can be 
heated and used for nesting the stent as well. The pre- 
ferred embodiment of this step has the mounted stent 
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slid into a standard crimping tube before it is compres- 
sion nested. 

[0009] It is also envisioned that the inward pressure 
from the crimping apparatus would be sufficient to cause 
the stent to become nested into the balloon without the 5 
need for pressurizing the balloon. This process can be 
further improved by closing off the balloon inflation lu- 
men before pressure is applied. This will cause an in- 
creased pressure inside the balloon as the stent is 
squeezed onto the balloon. An additional improvement 10 
would place a wire within the balloon lumen to reduce 
the volume of the closed space before sealing of the bal- 
loon lumen. Aluercap with a wire in its center would be 
ideal for this purpose. Eliminating the use of balloon in- 
flation during nesting will reduce the time and cost of is 
manufacturing the product. 

[0010] Thus it is an object of this invention to have a 
process for mounting a stent on an angioplasty balloon 

with.no.balloon overhang. ,. .. .., r . ...^ ...V.. 

[0011] Another object of this invention is to have a 20 
compression nesting process for nesting a stent onto a 
balloon that prevents the outward expansion of the stent 
during the low-pressure balloon inflation step. 
[0012] Still another object of this invention is to have 
a process for nesting a stent using only pressure from 25 
the outside of the stent. 

[0013] Yet another object of this invention is to seal 
the balloon lumen at its proximal end before compres- 
sion nesting. 

[0014] Still another object of this invention is to place 30 
a wire down the balloon lumen to reduce the volume in- 
side the balloon before compression nesting. 
[0015] Still another object of this invention is to have 
a luer cap with a wire through the center to both seal the 
balloon lumen and to reduce the balloon lumen volume 35 
during compression nesting. 

[0016] These and other objects and advantages of 
this invention will become obvious to a person of ordi- 
naiysldlMnihis.ait.upp 

tion of this ihventionincluding the associated drawings. 40 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

45 

FIG. 1 is a sketch of an apparatus for grit blasting 
the transition sections of a molded angioplasty bal- 
loon after molding. 

FIG. 2 is a sketch of a balloon mold with grit blasted so 
end sections to change the surface finish of the bal- 
loon ends. 

FIG. 3 is a side view of the balloon with grit blasted 
transition sections. S5 

FIG. 4 is a sketch of an apparatus for locating and 
stretching a stent before crimping onto a balloon. 



FIG. 5 is a flat layout of a stent appropriate for use 
with the apparatus of FIG. 4. 

FIG. 6 is a sketch showing the apparatus of FIG. 4 
in use for locating and stretching a stent before 
crimping onto a balloon. 

FIG. 7A is a longitudinal cross section of a stent 
crimped on a balloon prior to the nesting process. 

FIG. 7B is a longitudinal cross section of the prior 
art apparatus for nesting a stent onto a balloon. 

FIG. 8 is a longitudinal cross section of the present 
invention apparatus for compression nestingastent 
onto a balloon. 

FIG. 9 is a longitudinal cross section of the proximal 
k enu O; a bdiiuun uatheier litlsd witi; u iuercap hav- . 
ing a wire through its center so as to reduce the vol- 
ume of the balloon lumen during compression nest- 
ing. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a sketch of an apparatus 10 for grit 
blasting the transition sections 34 and 36 of a molded 
angioplasty balloon 30 after molding. The apparatus 1 0 
includes a mold base 15, proximal mold section 11 , cen- 
tral mold section 1 2 and distal mold section 1 3. A central 
mandrel 1 4 runs down the center of the three mold sec- 
tions, 11,12 and 1 3 and forms a means to open the ap- 
paratus 10 after the balloon 30 has been molded. The 
balloon 30 also has proximal shaft 32, and distal shaft 
38 that are attached to the balloon catheter during as- 
sembly. The molding and assembly of balloon angi- 
oplasty catheters is well known. After the balloon 30 has. 
been molded, and the proximal and distal mold sections^ 
1 1 ai id 13 respectively* have been slid* away from tfie^ 
central mold section 12, a grit blasting nozzle 1 6 can be 
used to change the surface finish of the proximal and 
distal balloon transition sections 34 and 36 respectively, 
by firing grit particles 1 8 at the balloon surface. To most 
easily accomplish the preceding grit blasting process, 
the balloon 30 should be partly or completely inflated. 
[0019] It is also envisioned that use of any marking 
means such as paint, dye, or scribing could accomplish 
the same purpose as the above mentioned grit blasting 
process to make the balloon transition sections 34 and 
36 clearly visible. 

[0020] FIG. 2 is a sketch of a balloon mold 20 having 
mold cavity 21 with grit blasted proximal and distal mold 
transition sections 24 and 26 respectively. The mold 
cavity 21 also has proximal shaft section 22, central sec- 
tion 25 and distal shaft 28. During balloon blowing, the 
grit blasted pattern is transferred to the balloon surface. 
By grit blasting only the sections 24 and 26 of the mold 
cavity 21 , the molded balloon 30, shown in FIG. 3, will 
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have an altered surface finish of the balloon transition 
sections 34 and 36 where the balloon material touches 
the grit blasted mold sections 24 and 26. 
[0021] It is also envisioned that fine lines or other 
marks placed in the mold transition sections 24 and 26 
could mark the balloon transition sections 34 and 36. 
[0022] FIG. 3 is a side view of the balloon 30 with tran- 
sition sections 34 and 36 having an altered surface finish 
as compared to the central cylindrical section 35. The 
balloon 30 also has proximal shaft 32, and distal shaft 
38 that are attached to the balloon catheter during as- 
sembly. The central section 35 has proximal and distal 
edges 33 and 37. 

[0023] The altered surface finish of the proximal and 
distal transition sections 34 and 36 respectively serve 
as marks to facilitate visualization of the distal and prox- 
imal edges 33 and 37. 

[0024] It is also envisioned that one or more marks 
placed at the proximal and aisxai eages o'a ana 37 re- 
spectively could also serve to facilitate visualization of 
the distal and proximal edges 33 and 37. These marks 
could be applied to the balloon after molding or during 
the molding process. Examples of such marks are a sin- 
gle circumferential line placed at the location of the bal- 
loon edge, a series of dots placed around the balloon at 
the location of the edges, a series of short longitudinal 
lines placed around the balloon at the location of the 
edges. 

[0025] It is also envisioned that the central section 35 
could have altered surface appearance and the proxi- 
mal and distal transition sections 34 and 36 have a nor- 
mal surface appearance. 

[0026] It is also envisioned that the central section of 
the balloon could be tapered rather than cylindrical to 
facilitate introduction of a stent into a tapered vessel. 
[0027] FIG. 4 is a sketch of the apparatus 50 for lo- 
cating and stretching a stent before crimping onto a 
stent delivery balloon such as the balloon 30 shown in 
FIG. 3. The apparatus 50 has three sections, a distal 
grabber 60, a proximal grabber 80 and a central crimp- 
ing tool 70. 

[0028] The distal grabber 60 has an outer housing 64 
and a collet 61 with 6 pieces having arms 62 with each 
arm having a catch pin 63. The catch pins 63 will engage 
the most distal strut of a stentto be mounted. A threaded 
rod 66 with handle 65 is used to compress the collet 61 
moving the arms 62 with catch pins 63 radially inward. 
[0029] The proximal grabber 80 has an outer housing 
84 a collet 81 with 6 pieces having arms 82 with each 
arm having a catch pin 83. The catch pins 83 will engage 
the most distal strut of a stent to be mounted. A threaded 
rod 86 with handle 85 is used to compress the collet 81 
moving the arms 82 with catch pins 83 radially inward. 
[0030] The central crimping tool 70 has an outer hous- 
ing 74 that is used to compress the crimping collet 71 
when the operator turns the handle 75 attached to the 
threaded rod 76. 

[0031] A guide rod 56 runs through the hole 79 in the 



top of the outer housing 74 of the central crimping tool 
70 and the hole 89 in the top of the outer housing 84 of 
the proximal grabber 80 . 

[0032] A stent length adjustment rod 54 having distal 

5 threads 55, a proximal handle 52 and stops 53 passes 
through the hole 67 in the top of the outer housing 64 of 
the distal grabber 60, the hole 77 in the outer housing 
74 of the central crimping tool 70 and the threaded hole 
87 in the outer housing 84 of the proximal grabber 80. 

10 [0033] FIG. 5 is a flat layout of a stent 100 having 
struts 110 with diagonals 112 and connecting arcs 114. 
The stent struts 110 are the circumferential elements 
that open up as the stent expands. The struts 110 are 
connected one to the other by flex segments 1 04 at- 

15 tached to the connecting arcs 1 1 4. The stent has a most 
distal strut 1 02 and a most proximal strut 1 06. The catch 
pins 63 of the distal grabber 60 of FIG. 4 will fit into the 
interstices .108 inside the most distal, connecting arcs 
1 1 4 of the distal strui i 02. Trie catch pins 83 of'the prrix- 

20 jmal grabber 80 of FIG. 4 will fit into the interstices 1 09 
inside the most proximal connecting arcs 114 of the 
proximal strut 106. 

[0034] FIG. 6 shows the apparatus 50 in use during 
the mounting of a stent 100 on a stent delivery catheter 

25 90 having folded balloon 30'. The stent delivery catheter 
90 has inner shaft 92 with guide wire lumen 96 and outer 
shaft 94! The stent delivery catheter 90 can be either an 
over-the-wire or rapid exchange type catheter. The fold- 
ed balloon 30' has transition sections 34' and 36' having 

30 an altered surface finish as compared to the central cy- 
lindrical section 35'. The folded balloon 30' also has 
proximal shaft 32' attached to the outer shaft 94 and a 
distal shaft 38' attached to the inner shaft 92 of the stent 
delivery catheter 90 during assembly. The central sec- 

35 tion 35' has proximal and distal edges 33' and 37'. 
[0035] The stent 1 00, also shown in flat layout view in 
FIG 5 ; has distal strut 102, proximal strut 104 and "N" 
shaped flex segment 1 04. 

[0036]* The method for using the apparatus 50 to 
40 mount the stent 100 with no balloon overhang has the 
following steps: 

1 . Slide the stent 1 00 onto the folded balloon 30' of 
the stent delivery catheter 90. 
45 2. Open the collets 61 , 71 and 81 to a diameter larg- 
er than that of the stent 1 00. 

3. Slide the stent delivery catheter 90 through the 
three collets 81 , 71 , and 61 and rotate the catheter 
90 as necessary until the proximal interstices 109 

so in the most proximal strut 1 06 are aligned with the 
catch pins 83 of the proximal grabber 80. 

4. Tighten the collet 81 by turning the handle 85 at- 
tached to the threaded rod 86 until the catch pins 
83 are inserted into the interstices 109. 

55 5. Tighten or loosen the threaded rode 54 by turning 
the handle 52 until the catch pins 63 of the distal 
grabber 60 are aligned with the interstices 108 of 
the most distal strut 1 08. 
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6. Tighten the collet 61 by turning the handle 65 at- 
tached to the threaded rod 86 until the catch pins 
63 are inserted Into the Interstices 109. This is the 
exact stage of the apparatus 50 as shown in FIG. 6. 

7. Push the stent delivery catheter 90 in a distal di- s 
rection until the proximal edge of the proximal strut 
106 of the stent 100 is lined up with the proximal 
balloon edge 37'. Further tighten the collet 81 by 
turning the handle 85 attached to the threaded rod 

86 until the collet firmly holds onto the folded balloon 10 
30' of the stent delivery catheter 90. It should be 
noted that the modified surface finish of the proxi- 
mal transition section 36' allows the proximal bal- 
loon edge 37' to be clearly seen. 

8. Once the proximal strut 106 is aligned and 15 
squeezed down onto the folded balloon 30\ turn the 
handle 52 to rotate the threaded rod 54 thus push- 
ing apart the distal grabber 60 from the proximal 

Qrfibbvii uu. : ;j:S wvi:i oiictCii iljc^cici u by uaua; . _ 

ing the flex segments 1 04 to unbend. 20 

9. When the stent 100 has been stretched enough 
so that the distal end of the most distal strut 1 02 is 
aligned with the distal balloon edge 33', further tight- 
en the collet 61 by turning the handle 65 attached 

to the threaded rod 66 until the collet firmly holds 25 
onto the folded balloon 30' of the stent delivery cath- 
eter 90. 

1 0. Tighten the collet 71 of the central crimping tool 
70 until the central section of the stent is squeezed 
down upon the folded balloon 30' of the stent deliv- 30 
ery catheter 90. At this point, the stent 1 00 has been 
mounted onto the balloon and is exactly matched in 
length with the central section 35' of the folded bal- 
loon 30' 

11 . Loosen the collets 61 , 71 and 81 and slide the 35 
stent delivery catheter 90 with mounted stent 100 

out of the apparatus 50. 

[0037] . If the above process Is trie oni>cprocress for' . 
crimping the stent 1 00 onto the folded balloon 30', then 40 
it is envisioned that a longer central crimping tool 70 
would be used or the current tool 70 would be pushed 
against the proximal grabber 80. As the stent 100 is 
squeezed, then the central crimping tool 70 could be 
opened, slid against the distal grabber and a second 45 
squeeze performed. 

[0038] It is also envisioned that after the above proc- 
ess, the stent delivery catheter 90 with stent 100 could 
be inserted into a standard crimping tube and the entire 
length of the stent 1 00 could be squeeze down uniform- so 

iy. 

[0039] The preferred method of mounting, however, 
would include an additional nesting process as follows. 
[0040] FIG. 7A is a longitudinal cross section of a stent 
1 00 crimped on the balloon 30 of a stent delivery cath- 55 
eter90 prior to the nesting process. The catheter 90 has 
distal marker band 98D, proximal marker band 98P, in- 
ner shaft 95, outer shaft 96 and balloon 30. It should be 



noted that the diameter of the stent 1 00 in FIG. 7A is D c . 
[0041] FIG. 7B is a longitudinal cross section of the 
prior art apparatus 150 after its use for nesting the stent 
1 00" onto the balloon 30" of the stent delivery catheter 
90". During nesting with the apparatus 150, the crimped 
stent 1 00 on delivery catheter 90 of FIG 7A is inserted 
into the tube 1 52, which may have a temperature higher 
than room temperature (although this is not always nec- 
essary.) The balloon 30" is then inflated with a gas such 
as nitrogen or carbon dioxide. This will push the balloon 
30" and stent 100" outward against the inside of the 
nesting tube 152 which will cause the balloon 30" to 
mold into the interstices in the stent 100". The delivery 
catheter 90" with nested stent is then removed from the 
nesting tube 1 52 to cool. The resuitin g nested stent 1 00" 
will have a diameter D N that is typically 0.004 inches 
larger than the crimped diameter D c of FIG. 7A. 
[0042] FIG. 8 is a longitudinal cross section of the 
pr esprit; l: t'-%givJ v 'L?RP ar ?JHS! ?QO ft f or r nesting thV.s^cr. t 
1 00'" onto the balloon 30'" of the stent delivery catheter 
90"'. This technique can replace the standard stent 
crimping process (i.e., the stent 100 and catheter 90 
shown in FIG. 7A) or can be used in conjunction with 
the modified stent mounting process done using the ap- 
paratus 50 shown in FIG. 6. In either case, the stent 1 00 
on balloon 30 is placed in a crimping tube 204. The 
crimping tube is slid into a crimping collet 202, which 
again may have an elevated temperature. Pressure 220 
is then applied to the crimping collet to compress the 
crimping tube 204 and stent 1 00'" diametrically inward. 
This compression nesting technique will simultaneously 
pressurize the balloon 30"' and compress the stent 1 00'" 
causing the balloon 30" to become permanently molded 
into the interstices of the stent 1 00'". Although additional 
pressurization of the balloon 30"' can be used in con- 
junction with compression nesting to further pressurize 
balloon 30"', it may only provide slight improvement of 
th3 nest while adding time and expense to the process. 
[0043] / To facilitate the compression ^nesting 'witfiouC; 
additional balloon pressurization a luer cap can be 
placed over the luer fitting typically attached to the prox- 
imal end of the balloon inflation lumen. A further im- 
provement of this is shown in FIG. 9, which shows a lon- 
gitudinal cross section of the proximal end of a balloon 
stent delivery catheter 90. The modified luer cap 5 with 
central wire 8 is shown attached to the proximal luer fit- 
ting 91 . The standard guide wire Luer fitting 93 providing 
access to the guide wire lumen 95 is also shown. In FIG. 
9 the central wire 8 is shown protruding down the balloon 
inflation lumen 97 of a dual lumen proximal shaft 99 of 
the stent delivery system 90. The balloon inflation lumen 
97 is in fluid communication with the balloon inflation 
lumen 96 shown in FIG. 7A of the distal coaxial section 
of the stent delivery system 90. Techniques for attaching 
dual lumen balloon shafts to coaxial lumen balloon 
shafts are well known and have been explicitly shown 
in FIG. 7 of US Patent 5,910,145 to Fischell era/., incor- 
porated herein by reference. By placing the central wire 
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down most of the length of the balloon inflation lumen 
97, the pressure of the remaining air under the balloon 
3o'" of FIG. 8 will be higher, thus providing additional 
force to push and mold the plastic of the balloon 30"' 
into the interstices of the stent 1 00"'. 
[0044] Although a luer cap has been described here- 
in, any means for sealing the balloon inflation lumen at 
any point proximal to the balloon would accomplish the 
same result. For example a clamp placed on the cathe- 
ter shaft 99 to squeeze closed the lumen or a plug in- 
serted into the luer fitting 91. In addition, means other 
than a wire can be used to reduce the volume inside the 
balloon inflation lumen 97, for example the lumen 97 
couid be filled with a liquid such sterile water and then 
a simple Luer cap attached to the fitting 91 . 
[0045] After compression nesting the delivery cathe- 
ter 90'" with nested stent is then removed from the collet 
200 and crimping tube 204. Because the stent 1 00 m is 
bemy squeezeu inward during the mriaiion of me oalloon 
30"' , it will not expand outward like the stent 1 00" of FIG. 
7B. As a result, the final diameter of the stent 1 00'" will 
be the same or less than the original crimped diameter 
D c , This is the major advantage of using the apparatus 
200. In other words, for the same balloon and stent con- 
figuration, the final device can have a significantly lower 
profile (diameter). This will enhance the deliverability of 
the product into vessels of the human body. 
[0046] Various other modifications, adaptations, and 
alternative designs are of course possible in light of the 
above teachings. Therefore, it should be understood at 
this time that within the scope of the appended claims 
the invention may be practiced otherwise than as spe- 
cifically described herein. 
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comprises proximal and distal transition sections, 
said marks being applied to alter the appearance of 
the distal and proximal transition sections. 

6. The catheter of claim 5 wherein the altered surface 
appearance is the result of grit blasting of the bal- 
loon transition sections after the balloon has been 
molded. 

7. The catheter of claim 5 wherein the altered surface 
appearance occurs as a result of the balloon mold- 
ing process. 

8. The catheter of claim 1 wherein the said marks are 
an altered surface appearance of the central sec- 
tion of the balloon. 



Claims 

1 . A balloon expandable stent delivery catheter com- 
prising proximal and distai ends and a molded bal- 
loon attached to said catheter near said distal end 
of the catheter, the balloon including a central stent 
delivery section with proximal and distal edges, the 
balloon further having marks thereon to facilitate 
visualization of both the proximal and distal edges. 

2. The catheter of claim 1 wherein the said marks are 
applied to the balloon after the balloon has been 
molded. 

3. The catheter of claim 1 wherein the said marks are 
applied to the balloon during the molding of the bal- 
loon. 

4. The catheter of claim 1 wherein the said marks are 
lines placed around the balloon at said proximal and 
distal edges. 

5. The catheter of claim 1 wherein the balloon further 



9. An mold cavity for use with a stent delivery balloon, 
said balloon comprising : a proximai snail, a pi oxirnal 

20 transition, a central section, a distai transition and 
distal shaft sections consecutively along the longi- 
tudinal dimension of said balloon, the inside surface 
of the mold adapted to produce a balloon having 
such proximal shaft, proximal transition, central, 

25 distal transition and distal shaft sections, the mold 
being adapted to produce a different surface finish 
on the proximal and distal transition sections of the 
balloon as compared to the central section of the 
balloon. 

30 

10. An apparatus for mounting a balloon expandable 
stent having proximal and distal ends onto the bal- 
loon of a stent delivery catheter, the apparatus com- 
prising proximal and distal stent end strut grabbers 

35 adapted to grab the proximal and distal ends of a 
balloon expandable stent, stent stretching means 
adapted to pull apart the proximal and distal stent 
grabbers and stent crimpinq means adaoted to 
squeeze the stent down on to a balloon. 

40 

11. An apparatus for embedding a stent, said stent in 
' the form of a lace like thin-walled tube with struts 

members having interstices therebetween, said ap- 
paratus embedding said stent on the surface of the 
45 balloon of a balloon expandable stent delivery cath- 
eter, said apparatus comprising stent compression 
means adapted to squeeze the stent down upon the 
delivery balloon, the apparatus also being adapted 
to cause the balloon to become molded into the in- 
50 terstices of the stent. 
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12. The apparatus of claim 11 further comprising means 
to seal the balloon inflation lumen proximal to the 
mounted balloon. 

13. The apparatus of claim 12 wherein the means is a 
luer cap. 
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14. The apparatus of claim 12 wherein the means is a 
clamp placed over the balloon shaft. 

15. The apparatus of claim 12 further comprising 
means to reduce the volume inside the balloon in- s 
flation shaft proximal to the mounted balloon. 

16. The apparatus of claim 15 wherein the means to 
reduce the volume is a wire inserted into the balloon 
inflation shaft. 10 

17. The apparatus of claim 15 wherein the means to 
reduce the volume is a liquid injected into the bal- 
loon inflation shaft. 

15 

18. The apparatus of claim 15 wherein the means to 

• reduce the volume is a wire attached to a luer cap, 
t\)e luer cap being attached to said luer fitting at the 

• wXirna! crici.c^ ihc sieni delivery system, the at- 
tachment therein causing the wire to be inserted in- 20 
to the balloon inflation shaft. 

19. The apparatus of claim 11 further comprising bal- 
loon expansion means capable of inflating the bal- 
loon during the nesting process. 25 
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(54) Mounting method for low profile balloon expandable stent 



(57) A process is disclosed for eliminating balloon 
overhang beyond the ends of the stent. The edge of the 
cylindrical portion of the balloon is marked to allow exact 
adjustment of the stent location and length. The marked 
balloon is attached to the catheter shaft and then folded. 



The stent is grabbed and moved longitudinally with re- 
spect to the balloon. The stent can now be crimped in 
place with the stent ends exactly matched to the balloon 
edges thus eliminating balloon overhang. The final step 
in process is to nest the stent onto the balloon. 
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